Peanut quality parameters were analyzed across four irrigation levels during the 2002 through 2007 crop years. The peanut quality parameters consisted of total sound mature kernels and sound splits (farmer stock grade), shelling outturn by commercial edible size, accept and reject kernels by commercial edible size, seed germination, and aflatoxin. The four irrigation levels consisted of a full level (100%), two reduced levels (66% and 33%), and a non-irrigated control. The research was conducted at the USDA/ARS National Peanut Research Laboratory's Multicrop Irrigation Research Farm in Shellman, Georgia. By year, significant differences in the irrigation treatments depended upon precipitation distribution for the specific quality parameters. For the average over the six years in the study, farmer stock grade was not significantly different in the 100, 66, and 33% treatments while all were significantly higher than the non-irrigated control. Total shelling outturn and total edible outturn were higher in the 100 and 66% compared to the 33% and non-irrigated treatments. Total reject outturn and total oil stock were not significantly different in the 100, 66, and 33% treatments, while all were significantly lower than the non-irrigated control. Percent seed germination did not differ across treatments. Aflatoxin in total reject outturn and total oil stock was significantly higher for the non-irrigated treatment compared to the irrigated treatments.
United States peanuts are among the highest quality peanuts in the world. Ensuring that quality is maintained during the entire production and marketing chain is a process that begins with sound agronomic production practices followed by curing, storage, processing, and manufacturing processes that maintain or improve quality through the final consumer product. In most commodities, including peanuts, quality is generally quantified by an established grading system designed to make markets work more efficiently by providing information on product quality. The mechanism for improving quality is the series of monetary premiums and discounts assigned for specific grade factors. Grade factors are defined at various points in the U.S. during the marketing channel designed to reflect the quality of the peanuts at the next step of the marketing channel (16, 20) .
In peanuts, incoming farmer stock is the first point of the grading system and is based on percentages of foreign material, loose shelled kernels, sound mature kernels, sound splits, damaged kernels, other kernels, kernel moisture content, and visual detection of Aspergillus flavus, the fungus that produces aflatoxin. In a study addressing the effect of sample size on grade factors (8) , it was shown that 98% of the value of a load is determined by the percentage of sound mature kernels plus sound splits (SMKSS). Shelled stock grades for runner-type peanuts are generally divided into five categories based primarily on kernel size consisting of jumbos, mediums, number 1s, US splits, and oil stock.
Aflatoxin is also an important quality factor for shelled stock peanuts because of the strict aflatoxin tolerances permitted for the sale of peanuts in edible markets. The potential for aflatoxin contamination imposes considerable economic cost to the U.S. peanut industry. A 4-yr study from 1993 to1996 was conducted to estimate the net cost due to aflatoxin to the farmer, buying point, and sheller segments of the peanut industry in the southeast U.S. The farmer segment net cost due to Segregation III lots (visible Aspergillus flavus found during farmer stock grading) averaged $2,595,000 per year. Buying point losses from handling Segregation III lots averaged $532,585 annually. The yearly average net cost to the southeast sheller segment over the 4 yr period was $22,697,737 per year. In the 4 yrs studied, Segregation III lots and aflatoxin cost the farmer, buying point, and sheller segments of the southeast U.S. peanut industry an average of $25,825,259 annually (15) .
Important requirements for successful peanut production include proper soil and climatic conditions, crop rotation, land preparation and planting conditions, fertilization, variety selection, weed and pest control, growth regulation, and adequate rainfall or irrigation (3, 7, 9, 10, 11, 22) . Supplemental irrigation is essential to maintaining crop yield, quality and income during most years in peanut producing regions. Producers realized the importance of irrigation as irrigated acreage in Georgia has increased from 175,000 acres in 1970 to 1,655,000 in 2006 (1). However, demand for water resources due to urban expansion and interstate litigation coupled with repeated drought are collectively threatening irrigation water supplies in peanut producing regions of the Southeast U.S. Reductions in water availability for irrigation can negatively impact peanut yield and quality in the all U.S. peanut producing regions (11, 13, 14, 17) .
An 8-yr study in the southeastern peanut producing region concluded that irrigated peanut yield and quality parameters were significantly improved (P 5 0.05) compared to non-irrigated. Irrigated peanut yield was 569 kg ha 21 higher than non-irrigated yields. The irrigation-associated increases in farmer stock grade (SMKSS), jumbos, and seed germination were significant (P 5 0.05) at 2.3, 2.0, and 6.0%, respectively. Aflatoxin in the non-edible oil stock category was significantly (P 5 0.05) reduced by 140 ppb in the irrigated fields (14) . The objective of this research was to evaluate the effects of irrigation amount on quality factors of farmer and shelled stock peanuts.
Materials and Methods
Experiments were conducted during the 2002-2007 crop years at the USDA-ARS Multi-crop Irrigation Research Farm in Shellman, Georgia (84u 369 W, 30u 449 N). The soil was a Greenville fine sandy loam (fine, kaolinitic, thermic Rhodic Kandiudults) with 0-2% slope. Conventional tillage practices were followed on all treatments and generally consisted of disking twice, subsoiling once, moldboard plow once, field cultivating once, and rototilling to establish seed beds and planting. The fungicide program for disease control included chlorothalonil for the first two sprays, tebuconazole for the next four applications, and chlorothalonil on the final application. The peanut cultivar was Georgia Green planted at 23 seeds m 21 . Plots consisted of 18, 30.5-m-long rows spaced 0.91 m apart.
Depending on soil moisture, planting dates were during the first two weeks of May each year. A split-plot design with crop rotations randomized within irrigation blocks was used to compare three amounts of sprinkler irrigation with a non-irrigated control. Irrigation was the main plot factor and crop rotations were randomly assigned to sub-plots within irrigation rate. A specially designed, 3-span, linear-move sprinkler irrigation system was installed and specific pressure regulation and nozzle placement provide irrigation amounts of 100, 66, and 33 percent (of 100 percent sufficiency) under the respective spans. Irrigation scheduling (timing and amount) in peanuts was managed by the Irrigator Pro for Peanuts expert system based on the 100 percent sufficiency treatment (6, 13) .
Five crop rotation sequences that included peanut, cotton, and corn were used. Three replications of each rotation sequence were included in the study consisting of: 1) continuous peanut; 2) cotton peanut alternating; 3) corn peanut alternating; 4) cotton, cotton, peanut; and 5) cotton, corn, peanut. Harvest date was determined by the peanut hull scrape method (21) . Peanuts were dug with a standard 2-row peanut inverter, allowed to windrow dry for approximately three days and harvested using a 2-row combine with a bagging attachment. Yield was taken from the two middle rows of each plot. After harvest, peanuts were cured to the marketable kernel moisture content between 7 and 10 percent. The yield sample was then riffle divided to obtain a 4500-g subsample for post-harvest evaluations. The peanut quality parameters measured included SMKSS, commercial shelling outturn (jumbos, mediums, No. 1s, U.S. splits, and oil stock), germination, and aflatoxin. Standard Federal-State Inspection Service grading procedures were followed to obtain SMKSS (23) . Total kernels (TK) were also obtained from the farmer stock grade as defined by SMKSS plus loose shelled kernels plus other kernels. Commercial shelling outturn was obtained using various screen sizes (Table 1) .
After shelling, samples were sorted using an electronic color sorter (Satake Scanmaster EMS RM 200S, Houston, TX) using standard industry settings. Electronic color sorting segregated the shelled stock lots into accepts and rejects within each shelled outturn category. Total edibles are defined as the sum of accept jumbos, mediums, No. 1s, and US splits; and total rejects are defined as the sum of reject jumbos, mediums, No. 1s, and US splits. A 250-g sample of whole kernels collected on the 0.635 3 1.905-cm slotted screen was obtained and sent to the Georgia Seed Laboratory in Tifton, GA for seed germination testing.
Peanut quality factors were subjected to analysis of variance using a general linear model procedure of SAS (version 9.2, Statistical Analysis Systems, Cary, NC) and significant differences among means for year and irrigation amount were determined using Fisher's Protected Least Significant Difference test at P#0.05. The effect of cropping rotation sequence was not significant and was removed from the statistical model to allow greater replication. Unless otherwise stated, all differences described below are significant at P50.05.
Results and Discussion
Precipitation and irrigation applied during the 2002-2007 growing seasons for peanut is provided in Table 2 21 . In the three yrs with less than average precipitation, 1.8 times more irrigation was applied than in years with more than average precipitation.
Analysis of the data over the 2002-2007 crop years indicated no significant differences in peanut quality parameters associated with the crop rotation sequences. Thus, the rotation sequences were pooled and the data analyzed for peanut quality differences associated with different amounts of irrigation. The ANOVA results varied for the Year (Y) and Irrigation (I) main effects and the Y 3 I interaction effect for the peanut quality variables (Table 3) . Year had a significant influence on SMKSS, TK, TR, germination, oil stock, and jumbo accept kernels. Irrigation amount significantly influenced TK, total edible kernels, oil stock, jumbo accept kernels, medium accept kernels, number one accept kernels. The Y 3 I interaction had a significant influence on SMKSS, TK, TR, total edible kernels, germination, oil stock, and jumbo accept kernels.
For all irrigation treatments, SMKSS were higher than the non-irrigated control in all years except for 2005 ( Table 4) . The difference in SMKSS between the 100% treatment and the non-irrigated control was 6.1% which at the current loan rate for runner-type peanuts equates to $26.50 Mg 21 higher value. This difference, although higher, is consistent with previous results obtained from farm survey data taken across a large geographic cross section of the southeast U.S. peanut belt that showed that SMKSS in irrigated peanut was higher than in non-irrigated peanut (14) . No differences in SMKSS resulted in the 100%, 66%, and 33% treatments during the 2002, 2003, and 2005 years. However, differences in SMKSS between irrigation rates were observed in 2004, 2006, and 2007 years, resulting in a reduction mainly at the 33% rate compared to the higher rates (Table 4) .
On average over the 6-yr period, TK were significantly higher in the 100% and 66% sufficiency treatments compared to the non-irrigated control (Table 4) . No differences resulted between the 66% and 33% or between the 33% and nonirrigated treatments. Total kernels in the 100%, 66%, and 33% sufficiency treatments were higher than the non-irrigated control in all years except for 2005. No differences in TK resulted between the irrigated treatments during the 2002-2005 crop years. In 2006, TK for the 100% irrigation treatment were higher than for the 66%, 33%, and non-irrigated control treatments. In 2007, TK in the 100% and 66% irrigation treatments were higher than for the 33% treatment.
Total edibles in each of the irrigation amounts were higher than total edibles in the non-irrigated when averaged over the 6-yr period (Table 4) . Reduction in amount of total edibles has a significant impact on the profitability of peanut processors (16) . No differences resulted between the 100% and 66% irrigation treatments and between the 66% and 33% irrigation treatments. No differences in total edibles resulted between the Germ -Percent seed germination f OS -Total oil stock kernels (Sum of kernels that fall through 0.675-cm round screen, damaged kernels, and loose shelled kernels not recovered into edibles) g JA -Jumbo accept kernels (Jumbo kernels not rejected during electronic color sorting + jumbo loose shelled kernels recovered into edibles) h MA -Medium accept kernels (Medium kernels not rejected during electronic color sorting + medium loose shelled kernels recovered into edibles) irrigation treatment and the 33% and non-irrigated treatments. In 2007 total edibles in the 100% and 66% treatment were higher than the 33% treatment and the non-irrigated control (Table 3) .
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On average over the 6-yr period, total rejects were higher in the non-irrigated treatment compared to all of the irrigated treatments (Table 4) . No differences in total rejects resulted between the irrigated treatments during the 2002-2005 crop years. Total rejects in the 100%, 66%, and 33% irrigation treatments were lower than the nonirrigated control in all years except for 2005. No differences in total rejects resulted between the irrigated treatments during the 2002-2005 crop years. In 2006 and 2007, no differences in total rejects resulted in the 100% and 66% treatments while total rejects in both of these treatments in each year were lower than the 33% treatment.
No differences resulted for seed germination when averaged across the 6-yr period. This result was unexpected and not consistent with prior research that showed a significant difference in seed germination from samples gathered at harvest from a large geographic cross section of the southeast U.S. peanut belt (14) . A possible explanation for the lack of response to irrigation is that the research plots had Ca levels of 1,258 kg ha 21 which is 2.4 times higher than the 525 kg ha 21 recommended soil test level. The amount of Ca taken up by the plant is dependent on concentration levels in the soil and the amount of available water (18) . In the years when rainfall was below normal (2002, 2006, 2007) , seed germination was higher in the irrigated treatments compared to the non-irrigated treatment (Table 4) . No differences in seed germination in the irrigated amounts resulted except in 2006 where the 100% and 66% treatments were higher than the 33% treatment.
Averaged over the 6-yr period, no significant differences resulted among the irrigation amounts for total oil stock while all were lower than the nonirrigated control (Table 4) . Total oil stock in the 100%, 66%, and 33% treatments was lower than the non-irrigated control in all years except for 2005. Oil stock prices are approximately 40% lower than edible peanut prices and thus the increased output of oil stock in non-irrigated peanuts has a negative impact on the profitability of peanut processors (16) . No differences in total oil stock resulted between the irrigated treatments during the 2002-2005 crop years. In 2006 and 2007, total oil stock in the 33% irrigation treatment was higher than the 100% and 66% treatments.
Irrigation amount had significant impacts on post harvest processing through effects on shelling outturns and total shelled stock value per ton (Table 5 ). The data provided in Table 5 are the percentage of accepts and rejects for each commercial runner-type outturn category on a net shelled stock ton basis averaged across the 6-yr study period. Jumbo accepts in the irrigation treatments were higher than the non-irrigated control. No differences resulted between the 100% and 66% treatments or the 66% and 33% treatments, and the 100% treatment was higher in jumbos than the 33% treatment. Within the jumbo outturn, the 100% irrigation treatment had less rejected jumbos than the non-irrigated control. No differences resulted between the 66%, 33%, and non-irrigated treatments. The trends in the medium accepts outturn category were similar to the jumbo accepts category. Rejects in the mediums were higher in the non-irrigated control and no differences in medium rejects resulted in the irrigated amounts. In the No. 1s accepts category, the non-irrigated control had more No. 1s than any of the irrigation amounts. No differences resulted in No. 1 accepts for the irrigated amounts. The rejects in No.1s were higher in the non-irrigated control and no differences resulted in No. 1 rejects in the irrigation amounts. No differences resulted for sound split accepts. However, sound splits are generally functions of handling and kernel moisture during processing instead of irrigation amount (3, 5) . Sound split rejects were higher in non-irrigated control compared to the irrigation amounts, and no differences resulted between the irrigation amounts.
Aflatoxin analyses were conducted separately for the accept and reject samples. Due to variability associated with aflatoxin, the samples for jumbos, mediums, no. 1s, and sound splits were combined and quantified using liquid chromatography (19) . No aflatoxin was detected in either the accepts or rejects from any of the irrigated treatments. In the non-irrigated control, aflatoxin was detected in the accepts in 2002 at 10.2 parts per billion. Aflatoxin was detected in the non-irrigated rejects in 4 yr, however, the only significant level was 17.4 ppb found in 2002. While 3 yrs of the study received less than average precipitation, drought stress apparently was not sufficient for significant contamination levels to occur (4).
Summary and Conclusions
The data indicate the importance of peanut irrigation in Georgia on peanut quality factors. Significant differences resulted in all quality factors, except seed germination, for the 100% irrigation amounts versus non-irrigated control over the study period (2002) (2003) (2004) (2005) (2006) (2007) . Shelling outturn of higher value kernel categories (jumbos and mediums) were significantly higher in the 100% irrigation amounts than resulted in the 33% irrigation amount and the non-irrigated control. Results of this research show the importance of irrigation on peanut quality beyond the farm gate impacting the post-harvest processing sector of the peanut industry.
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